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FIG 3 

dividing the image into a plurality of disjoint image areas 

V 

assigning a plurality of signal processors to each of the image 

7 

generating a plurality of frequency tables as a ?lnction of a plurality of pixel levels for 
each of the image areas with the assigned signal processors in parallel wherein a 

plurality of frequencies of occurrence of the pixel levels are de?ned 

V 

computing a plurality of cumulative frequency tables from the frequency tables by 
summing a frequency of occurrence of one of the pixel levels with frequencies of 

occurrence of pixel levels lower than the one pixel level 

v 

sending the cumulative frequency tables to a central 

selecting a pixel level by the central processor processor 

V 

interrogating entries in the cumulative frequency tables for the 
selected pixel level for all the disjointed image areas 

summing the entries 
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METHOD FOR DETERMINING A 
P-QUANTILE FOR THE PIXEL LEVELS, IN 
PARTICULAR THE GRAYSCALE LEVELS, 

OF A DIGITAL IMAGE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority of German application No. 
10 2005 047 051.3 ?led Sep. 30, 2005, Which is incorporated 
by reference herein in its entirety. 

FIELD OF THE INVENTION 

The invention relates to a method for determining a 
p-quantile for the pixel levels, in particular the grayscale 
levels, of a digital image. 

BACKGROUND OF THE INVENTION 

In the prior ?led but later published patent application With 
the o?icial application number 10 2005 017 489.2, the dose 
data value assigned to the p-quantile of the image is used as 
the actual value for the dose or dose rate in an X-ray image. 
A p-quantile is a value obtained from a frequency distribu 

tion, assuming a frequency distribution in Which a plurality of 
values of a particular quantity are assigned a particular fre 
quency. If the frequency distribution has n entries in total, the 
p-quantile (With 0<p<l) is the value at Which n*p entries in 
the frequency distribution are entries for a lesser (or equal) 
value, and (l—p)*n entries pertain to values Which are greater 
than the p-quantile. 
When looking for the p-quantile, one is therefore looking 

for a value Which divides the frequency distribution in a 
particular ratio. 

In x-ray systems according to the prior art, as a rule the 
image is not noW analyZed as an entity. 

Instead, the image is divided into disjoint areas, typically 
into four disjoint image areas. Each of these image areas is 
assigned a (digital) signal processor. The signal processors 
alloW parallel processing of pixel data from the respective 
image areas, so that a central processor only receives data 
from the signal processors on the basis of Which it can “com 
plete” image analysis. In other Words, either preparation for 
image analysis or even part of image analysis takes place in 
the signal processors, and the combining of the data obtained 
by the signal processors is then the responsibility of a central 
processor (LCPU, Local Central Processing Unit). 

HoWever, this division of responsibilities among different 
signal processors in modern x-ray machines is a priori 
obstructive to determining a p-quantile. As the p-quantile is 
not a computationally determined value but a statistically 
determined value, it requires information concerning the fre 
quency distribution. 
As a ?rst step, the individual signal processors Would each 

normally be used to generate a frequency table in Which, for 
the digital image, every pixel value is assigned the frequency 
of its occurrence in the image area associated With the signal 
processor. 

These frequency tables Would then be combined to form a 
total frequency table. As the pixel levels are prede?ned as 
such, only the assigned table entry needs to be added in each 
case. 

The reason for associated problems is that modern x-ray 
imaging systems provide a large number of possible gray 
levels (Which correspond to dose levels). 16 bits are typically 
used for the gray levels. Also in other imaging systems the 
number of pixel levels (these can also be color levels) is very 
high. 
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2 
16 bits mean that there are 21 6 grayscale levels, i.e. approxi 

mately 64000 grayscale levels. 
HoWever, this also means that the frequency table has 

64000 entries. 
If the frequency table is to be transferred from the signal 

processor to the main processor, four times 64000 value 
assignments must be transferred. HoWever, each individual 
data transfer requires approx. three clock pulses. If data 
analysis With determination of the p-quantile is to take place 
in real-time, this is critical in x-ray systems in Which eg 30 
images are generated per second. Because of the large num 
ber of data entries to be transferred for the frequency table, 
real-time analysis is no longer guaranteed. 

SUMMARY OF THE INVENTION 

The obj ect of the invention is to demonstrate hoW a p-quan 
tile can be determined preferably in real-time together With 
generation of the images even in the case of a large number of 
pixel levels. 

To achieve this object, the invention proposes a method as 
claimed in the claims. 

According to the inventive method, the signal processors 
compute a cumulative frequency table from the frequency 
table in each case. A cumulative frequency table is a table in 
Which, for the digital image, each pixel level is assigned the 
sum of the frequencies of the occurrence of itself and of loWer 
pixel levels. The cumulative frequency table is preparatory to 
?nding a p-quantile. 
The crux of the invention is noW that not all the entries in 

the cumulative frequency table need to be added for every 
pixel level from the individual signal processors. Rather the 
central processor selectively interrogates individual entries in 
the cumulative frequency table. For this purpose it selects 
individual pixel levels and only interrogates the entries in the 
cumulative frequency table for the pixel levels selected. 
These are summed. On the basis of the summed entries, it can 
be determined for each entry Whether or not the p-quantile is 
near. In other Words the pixel levels are selected such that the 
central processor successively approximates a pixel level cor 
responding to the p-quantile until it eventually ?nds the 
p-quantile. “Successively” is here to be taken to mean that a 
particular method is provided Which prede?nes the selection, 
and Wherein it is ensured by the method that at some time 
approximation to the p-quantile take place. “Successively” 
does not rule out that tWo chronologically successive interro 
gations are sometimes closer to the p-quantile and sometimes 
someWhat removed from same, as long as it is ensured that the 
p-quantile is approximated in a chronologically successive 
manner at some time. 

The speci?ed selection method can use in particular inter 
val nesting. 

Preferably tWo intervals are used here. In other Words, for 
interval nesting the central processor divides a pixel value 
interval into a loWer and a higher interval. (As a rule it initially 
proceeds on the basis of the total interval of pixel values). For 
the highest pixel value of the loWer interval or the loWest pixel 
value of the higher interval it interrogates the individual 
cumulative frequencies and sums same in order to obtain the 
total image cumulative frequency for the particular pixel 
value. The central processor then performs a comparison of 
the total image cumulative frequency With n*p, also taking 
into account Where necessary the previously determined total 
image cumulative frequencies, in order to determine Whether 
or not it approximates to the p-quantile. In other Words it 
checks Whether it has already found the p-quantile. If this is 
not the case, it continues interval nesting With the loWest or 
the highest interval as the pixel value interval to be divided. 

It Will select the loWer interval if the last determined total 
image cumulative frequency is greater than n*p, i.e. the asso 
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ciated pixel value is above the p-quantile. It Will select the 
higher pixel value interval if the last determined total image 
cumulative frequency is less than n*p. It Will detect on the 
basis of a comparison With hitherto determined total image 
cumulative frequencies that it has already found the p-quan 
tile if it discovers a value greater than n*p for a particularpixel 
value and a value less than n*p for the adjacent lesser pixel 
value. The p-quantile is than effectively “Within” the total 
cumulative frequency for the pixel value, and the p-quantile 
sought is the higher of the tWo adjacent pixel values men 
tioned. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention Will noW be described in greater detail With 
reference to the accompanying draWings in Which 

FIG. 1 is a graphical representation of a frequency table of 
the type used for the present invention, 

FIG. 2 is a graphical representation of a cumulative fre 
quency table of the type used for the present invention, and 

FIG. 3 is a ?owchart of the method steps of the present 
invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 shoWs a graphical representation of a frequency 
distribution knoWn as a histogram. The number of pixels is 
plotted against a pixel level in each case. The pixel level is a 
quantity speci?ed in discrete values q1 to q10. FIG. 1 plots the 
number of pixels associated With the pixel level in a particular 
image area. For example, the image area is a quarter of the 
total image if, as is usual in the prior art, said image is 
subdivided into four disjoint image areas to Which a digital 
signal processor (DSP) is assigned in each case. 

In each digital signal processor there is generated a fre 
quency table relating to the number of pixels as a function of 
the pixel level for the associated image area in each case. This 
can be graphically represented as shoWn in FIG. 1. 

Although a p-quantile can be determined for the shoWn 
frequency distribution assigned to an image area, the p-quan 
tile for the total image cannot be inferred from the p-quantile 
for individual image areas. In particulariunlike in the case of 
average values4computational analysis of the individual 
p-quantile to determine the total p-quantile is not possible. 

The invention noW proposes to create, for each image area, 
another table in Which each pixel level is assigned the sum of 
the frequencies of the relevant number of pixels for the pixel 
level and for loWer pixel levels. Such a table is graphically 
illustrated in FIG. 2. 

Thus the loWest pixel level q1 is again assigned the pixel 
count n1. 

The pixel level q2 is noW assigned its oWn pixel count n2 
and the pixel count n1 for the loWer pixel level q1. 

Correspondingly the pixel level q3 is assigned the pixel 
count n3 for its oWn pixel level and the pixel counts n1 and n2 
for the loWer values q1 and q2. The sum need not be redeter 
mined each time, but the value from the frequency table for 
the next higher pixel level can be added to the cumulative 
frequency determined for a particular pixel level in order to 
obtain the neW cumulative frequency for this next higher pixel 
level. For example, for the pixel count n1+n2+n3+n4, Which 
is assigned to the pixel level q4 in the cumulative frequency 
graph according to FIG. 2, only the pixel count n5 from the 
graph according to FIG. 1 is added in order to obtain the pixel 
count for this next higher level q5. 

The use of cumulative frequencies is preparatory to ?nding 
a p-quantile. A p-quantile is deemed to be the pixel level 
beloW Which there are n*p pixels. In grayscale values, q1 
Would be, for example, the color black and q10 the color 
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White. If q7 Were determined as the p-quantile, this Would 
mean that n*p of the pixels are darker than or as dark as the 
gray level q7. 
Even if the representation according to FIG. 2 prepares the 

?nding of a p-quantile, it should be noted that until noW the 
cumulative frequency table has been individually generated 
for different image areas in each case, but there is no cumu 
lative frequency table for the total image. 

Although it Would be possible to generate a cumulative 
frequency table for the total image by adding the individual 
entries to the pixel levels q1 to q10 from the individual cumu 
lative frequency tables, the amount of data to be transferred in 
that case is too high for handling in real-time. Although only 
ten pixel levels q1 to q10 are shoWn by Way of example, in 
reality there may be up to 64000 pixel levels. 

In practical terms a p-quantile can noW be determined by 
sampling. In other Words, the central processor interrogates 
particular entries in the individual tables, each associated 
With particular image areas, and sums same. It can then ascer 
tain Whether the relevant pixel level is too high or too loW, i.e. 
Whether it is necessary to go higher or loWer to ?nd the 
p-quantile. 

Interval nesting is the preferred method here. 
For example, the total number of pixel levels q1 to q10 is 

divided into tWo parts, namely a ?rst interval q1 to q5 and a 
second interval from q6 to q10. At the boundary betWeen the 
tWo intervals it must noW be determined Whether said bound 
ary is higher or loWer than the p-quantile, or Whether the 
p-quantile has been hit. For example, the loWest pixel value of 
the higher interval, the pixel value q6, is used. The central 
processor noW interrogates the individual digital signal pro 
cessors only for the entry for q6. It obtains four quantities 
Which it sums. It therefore obtains the entry value N6t0t_ for 
the total image cumulative frequency table. A check is noW 
carried out to ascertain Whether N6t0t_ is less than n*p. The 
p-quantile is knoWn to be de?ned as the pixel level at Which in 
total n*p values are loWer than (or equal to) the relevant pixel 
level. If N6t0 t_ is noW less than n*p, this means that the p-quan 
tile is to the right of q6, i.e. in the right-hand interval q6 to q10. 
For the interval nesting described, re-division of the interval 
q6 to q10 is therefore performed. It is divided into tWo inter 
vals, e.g. q6 to q8 and q9 to q10. As the loWer interval noW 
contains three pixel values and the higher only tWo pixel 
values, in the next step the total image cumulative frequency 
is determined for the pixel value q8. For this purpose, the 
entries from the cumulative frequency tables for the four 
individual image areas are interrogated by the individual digi 
tal signal processors in each case. They are then summed, 
yielding the value N8t0t_ 

It is noW checked Whether N8t0t_ is greater or less than n*p. 
It Will be assumed here that N8t0t_ is greater than n*p. 
The p-quantile has therefore not yet been found With cer 

tainty. 
The interval from q6 to q8 is noW again divided into tWo 

intervals, namely the loWer interval q6 to q7 and the higher 
interval Which comprises only q8. 
As the loW interval contains tWo pixel levels, the pixel level 

for the loWer interval is taken as the starting point. The value 
for q7 has indeed also hitherto been absent. The digital signal 
processors are noW interrogated by the central processor to 
ascertain the values for q7, the individual entries in the cumu 
lative frequency tables according to FIG. 2 are fed to the 
central processor and are summed, yielding the value N7t0t_. It 
is noW again checked Whether N7t0t_ is greater or less than 
n*p. 

N7t0t_ noW be less than n*p. 
As N8t0t_ Was greater than n*p, the p-quantile is actually 

precisely betWeen the tWo. The p-quantile corresponds to a 
pixel Which therefore has the higher pixel level q8, because 
then n*p pixels are darker than or as dark as the pixel in 
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question (or rather, expressed in dose data value terms, have 
the same dose or a lower dose than said pixel). 

During interval nesting, the quantities N6t0t_, NSM and 
N7t0t_ have therefore been successively determined. The pen 
ultimate value has emerged as the value Which is assigned to 
the p-quantile (maximum). 

This interval nesting has proceeded on the basis often pixel 
levels. 

In the prior art, the number of pixel levels is normally a 
poWer of2, e.g. there are 216 pixel levels. It is then possible to 
divide the pixel value interval precisely into tWo equal-siZed 
pixel value intervals step by step until tWo adjacent pixel 
levels are hit upon. The number of steps is then equal to the 
poWer of 2 specifying the number of pixel levels. In the case 
of 216 pixel levels, 16 divisions are therefore required. 

Accordingly, a request is sent 16 times to the digital signal 
processors, and fourpixel values are transferred 16 times. The 
total of 64 transferred pixel values is relatively manageable. 
In particular, not all 21 6 table entries need to be transferred by 
each of the four signal processors, enabling the p-quantile to 
be obtained in real-time, real-time meaning here that an x-ray 
angiography system takes eg 30 images per second and 
accordingly the p-quantile is determined for the 30 images 
Without delay. The invention is not limited to image analysis 
in x-ray systems. It can be used Whenever the image is divided 
into disjoint image areas and the pixel-data in the individual 
image areas is pre-processed in a time-parallel manner by 
signal processors each assigned to an image area, a central 
processor then merely completing image analysis. 

The invention claimed is: 
1. A method for determining a p-quantile for a pixel level of 

a digital image, comprising: 
employing a plurality of signal processors for: 
dividing the image into a plurality of disjoint image areas; 
assigning a plurality of signal processors to each of the 

image areas; 
generating a plurality of frequency tables as a function of a 

plurality of pixel levels for each of the image areas With 
the assigned signal processors in parallel Wherein a plu 
rality of frequencies of occurrence of the pixel levels are 
de?ned; 

computing a plurality of cumulative frequency tables from 
the frequency tables by summing a frequency of occur 
rence of one of the pixel levels With frequencies of 
occurrence of pixel levels loWer than the one pixel level; 

employing a central processor connected to the signal pro 
cessors for: 

sending the cumulative frequency tables to a central pro 
cessor; 

selecting a pixel level by the central processor; 
interrogating entries in the cumulative frequency tables for 

the selected pixel level for all the disjointed image areas; 
and 

summing the entries, 
Wherein the central processor successively selects a suc 

cessive pixel level and approximates the successive 
selected pixel level corresponding to the p-quantile until 
the p-quantile is determined based on the summed 
entries. 
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2. The method as claimed in claim 1, Wherein the central 

processor selects the pixel level based on an interval nesting. 
3. The method as claimed in claim 2, Wherein the central 

processor divides an interval of the plurality of pixel levels 
into a loWer and a higher interval. 

4. The method as claimed in claim 2, Wherein the central 
processor interrogates and sums cumulative frequencies from 
the cumulative frequency tables for a highest pixel level of the 
loWer interval or a loWest pixel level of the higher interval for 
all the disjointed image areas in order to obtain a total cumu 
lative frequency for the image. 

5. The method as claimed in claim 4, Wherein the central 
processor compares the total cumulative frequency for the 
image With a number. 

6. The method as claimed in claim 4, Wherein based on the 
comparison result the central processor: 

checks if the p-quantile is determined, or 
continuously performs the interval nesting With the loWer 

or higher interval as a further pixel level interval to be 
divided if the p-quantile is not determined. 

7. The method as claimed in claim 5, Wherein the number 
equals the highest pixel level of the loWer interval or the 
loWest pixel level of the higher interval multiplied With the 
total cumulative frequency for the image of the highest or the 
loWest pixel level. 

8. The method as claimed in claim 1, Wherein the method is 
for determining a p-quantile for a grayscale level. 

9. A device for determining a p-quantile for a pixel level of 
a digital image, comprising: 

a plurality of signal processors each assigned to one of a 
plurality of image areas divided from the digital image 
Which: 
generates a plurality of frequency tables as a function of 

a plurality of pixel levels for each of the image areas 
With the assigned signal processors in parallel 
Wherein a plurality of frequencies of occurrence of the 
pixel levels are de?ned, 

computes a plurality of cumulative frequency tables 
from the frequency tables by summing a frequency of 
occurrence of one of the pixel levels With frequencies 
of occurrence of pixel levels loWer than the one pixel 
level; and 

a central processor connected to the signal processors 
Which: 
receives the cumulative frequency tables from each of 

the signal processors, 
selects a pixel level, 
interrogates entries in the cumulative frequency tables 

for the selected pixel level for all the divided image 
areas, and 

sums the entries, 
Wherein the central processor is adapted to successively 

select a successive pixel level and approximate the suc 
cessive selected pixel level corresponding to the p-quan 
tile until the p-quantile is determined based on the 
summed entries. 


